Background: Currently, immune checkpoint (ICP) inhibitors are essential drugs for the treatment of non-small cell lung cancer (NSCLC). However, in patients previously treated with ICP inhibitors, the efficacy and safety of re-challenging the same or another ICP inhibitor remain unclear. Case presentation: We present the case of a patient treated with nivolumab for advanced NSCLC who was previously treated with an ICP inhibitor as the first-line chemotherapy along with heavy cytotoxic chemotherapy. After the failure of five lines of chemotherapy, 3 cycles of nivolumab, as the ICP inhibitor re-challenge, the patient achieved a partial response. Conclusions: This case might suggest that re-challenging an ICP inhibitor could be clinically active in selected patients with advanced NSCLC who progress after achieving an initial clinical benefit with an ICP inhibitor.
Background
Immune checkpoint (ICP) inhibitors, including nivolumab, pembrolizumab, and atezolizumab, are currently approved for advanced non-small cell lung cancer (NSCLC). The CheckMate-017 [1] , CheckMate-057 [2] , KEYNOTE-010 [3] , and OAK [4] trials demonstrated the clinical benefit, as well as the long-tailed effect, of these agents over docetaxel, which was the standard of care (SoC) in the second-line therapy. The KEYNOTE-024 [5] demonstrated the prolonged progression-free survival (PFS) with pembrolizumab over platinum doublet chemotherapy in the first-line setting. Reportedly, immune-related adverse events (irAEs), which occur in approximately 20% of patients, are the leading adverse events related to ICP inhibitors [2] . Once high-grade irAEs occur during treatment with ICP inhibitors, clinicians are required to discontinue the use of the ICP inhibitors. In a majority of cases, the resolution is achieved with corticosteroids. However, re-initiation of ICP inhibitors is often challenging because further anti-PD-1/PD-L1 are required to obtain the best durable disease control. To date, limited data are available about the efficacy and safety of re-challenging ICP inhibitors. Furthermore, the median PFS of patients with advanced NSCLC treated with ICP inhibitors is approximately 3-4 months [2] , although some patients achieve a long-lasting response with ICP inhibitors. At present, cytotoxic chemotherapy is the SoC for patients after the disease progression with ICP inhibitors. Nonetheless, the efficacy and safety of re-challenging the same or another ICP inhibitor in such settings remain unclear.
Herein, we present the case of a patient with advanced NSCLC who was previously treated with the first-line ICP inhibitor and demonstrated the clinical response to nivolumab as the sixth-line treatment receiving cytotoxic chemotherapy.
Case presentation
A 72-year-old Japanese male presented with an abnormal chest opacity that was determined to be adenocarcinoma of the left upper lobe at cT2aN1M1b Stage IV, without epidermal growth factor receptor (EGFR) mutation and anaplastic lymphoma kinase (ALK) translocation (Fig. 1a) . The patient was a never smoker with no specific medical history, except for duodenal ulcer, appendicitis, and hypertension. His Eastern Cooperative Oncology Group (ECOG) performance status was 0. He was enrolled in the clinical trial and was randomized to receive a PD-1 inhibitor (an investigational new drug) as the first-line treatment. After 3 weeks of his second cycle, he presented with a productive cough. A computed tomography (CT) scan revealed an infiltrative shadow and the ground glass opacity around the primary lesion in the left upper lobe (Fig. 1c) . In addition, transbronchial lung biopsy suggested drug-induced alveolitis, which was considered as grade 2 irAE caused by the ICP inhibitor (Fig. 2) . Accordingly, we administered and down-titrated oral prednisolone (25 mg/ day), which reduced alveolitis to grade 1 after 2 weeks and normalized by 6 months. After remaining at a stable disease (SD) for 2 months (Fig. 1d) , the restaging CT scan of the patient at 4 months revealed an enlarging primary tumor (Fig. 1b) . He was subsequently treated with cytotoxic agents, such as cisplatin, pemetrexed, docetaxel, S-1, and nanoparticle albumin-bound paclitaxel, all of which ended with the disease progression (Fig. 1e) . After that, the patient was treated with nivolumab (2 mg/kg, day 1, every 2 weeks) as the sixth-line therapy. After 6 weeks of initiating nivolumab treatment, a CT scan revealed a partial response in the primary lung lesion (Fig. 1f ) . After 6 cycles of nivolumab, the routine imaging surveillance of the patient revealed no disease progression and no irAEs, including recurrence of alveolitis.
Discussion and conclusions
Here, we reported the case of a patient who responded to nivolumab in the later line of treatment, which had previously failed with a PD-1 inhibitor and cytotoxic chemotherapy. Although the patient experienced irAE with the PD-1 inhibitor treatment, the recurrence of irAE was not observed in nivolumab treatment. To date, limited published data is available about the efficacy and safety of re-challenging ICP inhibitors. To the best of our knowledge, no study to date has elucidated the clinical benefit of re-challenging an ICP inhibitor in patients with advanced NSCLC.
In patients with metastatic melanoma, some studies have reported the efficacy and safety profile of retreatment with ipilimumab, a fully monoclonal antibody against cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), or a combination of nivolumab and ipilimumab, after an initial period of disease control (Table 1 ) [6] [7] [8] . Regarding the efficacy, re-challenging ICP inhibitors achieved a relatively favorable response. For patients who were retreated with ipilimumab after the initial failure with ipilimumab, the overall response rate (ORR) and disease control rate (DCR) were 11.8-23.0% and 48.4-60.5%, respectively. In contrast, for patients who were only retreated with nivolumab after the initial failure with a combination of ipilimumab and nivolumab, the ORR and DCR were 70.0 and 88.8%, respectively [6, 7, 9, 10] . In these studies, the response of some patients to ipilimumab improved upon re-challenging compared with induction, implying that the re-challenge with ipilimumab induced renewed or even deeper antitumor activity, although the precise mechanism remains poorly understood. In this case, the patient's immunity against the tumor, which shifted to "escape" phase at the time of pembrolizumab therapy failure, might have been reactivated by any changes during subsequent treatments. Possible justifications for the transition in the responsiveness to ICP inhibitors include changes in the (1) tumor mutation and neoantigen load, (2) tumorinfiltrating T-cell repertoire, and (3) immunosuppressive tumor microenvironment. In our patient, such changes might have been induced by previous ICP inhibitor and cytotoxic chemotherapy exposure or disease progression itself. Remarkably, a recent research of the T-cell repertoire demonstrated the association of responses to nivolumab with different patterns of the T-cell diversity dynamics according to previous ipilimumab exposure [11] .
Regarding safety, ipilimumab retreatment was well tolerated [6] [7] [8] [9] [10] , and any grade irAEs and grade 3 or 4 irAEs were observed in 21.6-60.4% and 5.9-30.0%, respectively (Table 1 ). In addition, the frequency of treatment-related irAEs during retreatment was similar to those observed during induction and was manageable with established algorithms used in induction immunotherapy. A study suggested that the type of toxicity in induction immunotherapy, the absence of steroids at re-challenge, and the interval before re-challenge could be potential predictors of recurrent or novel severe toxicities, whereas the severity of initial toxicity or the duration of immunosuppression demonstrated little correlation [7] .
In a prior case series focusing on patients who developed pneumonitis associated with PD-1/PD-L1 inhibitors, three among twelve (25%) patients who underwent re-challenge with ICP inhibitors after an initial pneumonitis event experienced recurrent pneumonitis, which was resolved in all with corticosteroids or ICP inhibitor discontinuation [12] . Interestingly, some patients experienced recurrence of pneumonitis after initial clinical improvement without re-challenge of ICP inhibitors.
In addition, recent studies have highlighted the correlation of the development of irAEs with better clinical outcomes of ICP inhibitors treatment in NSCLC as well as melanoma [13] [14] [15] . The CheckMate-153 trial represented the prolonged PFS of patients with NSCLC receiving the continuous nivolumab treatment compared to those who discontinued within a year [16] . The increment in the incidence of irAE is proportional to the duration of ICP inhibitors treatment, raising the conflict about the efficacy of ICP inhibitors re-challenge for patients with NSCLC. Hence, further research is warranted to establish the optimal sequence of treatment, including the consideration for ICP inhibitors re-challenge based on these insights. At present, with little evidence on efficacy and safety of ICP inhibitors in patients with advanced NSCLC, ICP inhibitors require deliberation on the risk-benefit of re-challenging on the individual basis with adequate informed consent.
This case might suggest the potential efficacy of re-challenging ICP inhibitors in selected patients with advanced NSCLC who progress after achieving initial clinical benefit with ICP inhibitor treatment. Nevertheless, further investigation is warranted to validate the efficacy and safety of re-challenging ICP inhibitors in patients with NSCLC. Robert et al. [5] (n = 38)
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